The Challenge
Climate and weather forecasting applications share a common ancestry and build on the same physical principles. Nevertheless, climate research and numerical weather prediction (NWP) are commonly seen as different disciplines. The emerging concept of "seamless prediction" forges weather forecasting and climate change studies into a single framework (Palmer et al. BAMS 2008) . At the same time, it has been recognized that biogeochemical and human processes interact with the physical climate system, and these interactions are thus explicitly incorporated into extended climate models, now referred to as Earth system models (ESMs). Merging weather and climate prediction with Earth system science is a new challenge that is of considerable scientific interest and societal relevance.
There is increased societal interest in climate information for the next few decades to guide adaptation strategies. Initialized climate forecasts and scenario integrations with climate models can generate relevant climate information. Advances have been made to increase the prediction horizon of initialized forecasts to decades (Meehl et al. BAMS 2009 ). The quality of long-term predictions relies on accurate simulation of slow components of the Earth system, on accurate simulation of interactions between fast and slow processes in the Earth system, and on the initialization procedures.
The prediction problem lies at the heart of NWP. Hence scientists working on decadal predictions can learn from experiences in initialization, perturbation and verification in short-term to seasonal forecasting. Also, joint model development in NWP and Earth system modeling can be mutually beneficial. Atmospheric model development is generally more advanced in NWP than in ESMs and new developments can be taken over in Earth System Models. Vice versa, NWP models increasingly include Earth system components. These include modules of atmospheric composition and the land surface that are generally developed by Earth system modeling groups.
The EC-Earth consortium is a grouping of meteorologists and Earth system scientists from ten European countries, put together to face the challenges mentioned above. The consortium consists of scientists from national meteorological services, academia, and high-performance computing centres, designed to bridge the gap between NWP and Earth system modelling. The EC-Earth model, described below, will be used for basic research, for developing climate projections and predictions and for delivering climate information to users.
Strategy of EC-Earth model development
The NWP system of the European Centre for Medium-Range Weather Forecasts (ECWMF) forms the basis of the EC-Earth Earth system model (hence the name ECEarth). NWP models are designed to capture short-term atmospheric fluctuations accurately. They are used for forecasts at daily to seasonal time scales and include data assimilation capabilities. Climate models are designed to represent the global coupled ocean-atmosphere system. They are used for different purposes and time scales than NWP models, but could benefit from several best practices from the NWP community.
To our knowledge, this approach is currently only followed in the Unified Model of the UK Met Office and the ARPEGE system at Météo-France.
A central element of our strategy is to continually synchronize the atmosphere, land and ocean modules between the EC-Earth model and a reference configuration of the ECMWF forecast system (see Figure 1) . To serve the climate science and prediction, the EC-Earth consortium improves or adds different Earth system modules to the model which can be taken over by or developed in close cooperation with ECMWF. This procedure requires a strict version management strategy and the coordination of the 
The EC-Earth model system
The atmospheric model of EC-Earth version 2, which is the current reference version, is based on ECMWF's Integrated Forecasting System (IFS), cycle 31R1, corresponding to the current seasonal forecast system of ECMWF. The standard configuration runs at T159 horizontal spectral resolution with 62 vertical levels. In fact some aspects of a newer IFS cycle have been implemented additionally, including a new convection scheme (Bechtold et al 2008) Europe. An interactive application, implemented through webservices, can be used on ECMWF hardware systems to set up, compile and monitor runs. We use standardized experimental setups to check hardware dependency of the results.
EC-Earth: climate and weather metrics
In line with the seamless prediction strategy discussed above, we assess here the performance of the EC-Earth model using both climate metrics (e.g. long-term means, radiative balance and slow processes) and weather metrics (e.g. short-term forecast skill and fast processes). Any metric is somewhat subjective, including the choice of variables, the filtering applied and the choice of datasets to which model results are compared. In weather prediction, prediction skill scores up to a few weeks are considered. At these time scales, fast atmospheric processes are important. In climate studies, often long-term means are considered and changes in, for instance, the oceanic heat content are relevant.
However, distinguishing weather from climate metrics is also somewhat artificial. Since fast processes can shape slow feedbacks (e.g. through the surface radiation budget affecting ocean heat content), both short-and long-term model performance should be considered.
To assess the performance of the EC-Earth model at long time scales, both the atmosphere-only and the fully coupled model have been used. Atmosphere-only runs have been performed with prescribed sea surface temperature and sea ice distribution representing the end of the 20 th century. We consider runs of at least 10 years duration.
The fully coupled model has been run for 250 years, with 20 th century boundary conditions (greenhouse gases, aerosols, land use and solar activity). We use a set of metrics developed by Reichler and Kim (BAMS 2008) to compare the EC-Earth model results to observations and to other coupled climate models of CMIP3 (Meehl et al BAMS 2007) . This set of metrics consists of a weighted root mean square error of 14 variables.
Other measures, such as representation of the seasonal cycle, surface and top of the atmosphere energy balances and representation of patterns of natural climate variability, were used as well. In general, we use the performance indicators to inform in the optimization process. We discarded parameter changes that gave a strong degradation in the general performance of the model. 
Synergistic weather and Earth system activities
A merit of using an NWP model for climate studies is that insights and developments in NWP modeling can be taken over in Earth system studies and vice versa. Some examples of this 'cross-fertilization' are given here.
Within the EC-Earth consortium, the land module has been further developed.
One of the motivations was to investigate the cause of warm biases in the winter over Siberia and Canada. As part of the land surface module, a new snow scheme has been implemented by Dutra et al. (2010) . The new scheme, which reformulates the density of snow and the representation of liquid water in the snow pack, reduces warm biases 
Future of seamless Earth system modelling with ECEarth
The EC-Earth project shows that a bridge can be made effectively between weather and seasonal forecasting and Earth system modelling. The EC-Earth model displays good performance from daily up to interannual time scales and for long-term mean climate. We have designed a strategy to take advantage of new developments in NWP, particularly to incorporate advances in parameterization of fast processes that shape crucial aspects of long-term climate characteristics, such as climate sensitivity.
Evidently, for long-term climate simulations, slow processes must be considered as well.
It is expected that exploratory work on this topic will be done by university groups involved in the project. EC-Earth allows these groups to study new components in an integrated setting in full interaction with other components of the Earth system. Clear examples of these synergistic activities are the development of modules for ice sheets, dynamic vegetation and atmospheric chemistry. Some of these new Earth system components will be taken over in new cycles of the weather forecasting system and may lead to improvements in weather and seasonal forecasting skill.
National meteorological services will use the EC-Earth model primarily as a tool to construct seasonal to decadal predictions and climate projections in line with the recently established Global Framework for Climate Services (GFCS) at the World Climate Conference-3 (WCC-3). EC-Earth can be run efficiently at high spatial resolution. The consortium will participate in the CMIP5 project with both near-term decadal predictions and century-scale projections. We use boundary conditions from the global model for our regional climate models to explore regional feedbacks. One particular application is the use of the atmosphere-only version at very high resolutions (e.g. similar to the current ECMWF NWP system, about 16 km) with future boundary
conditions. In such a system, synoptic weather information in a future climate setting can be assessed.
In this paper we have shown that the EC-Earth project bridges the gap between NWP and climate modelling and has a wide range of applications, from basic Earth system research to providing practical climate information for a wide variety of users.
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